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INTRODUCTION 



The Traveling Jave Tube today is not a practical device, neither is 
it a laboratory curiosity. The effort being directed to the accomplish- 
ment of a practical Traveling Wave Amplifing Tube has made tremendous strides 
from the theoretical investigations toward the usable end product. 

At present Stanford University is the leader in the theoretical inves- 
tigation into all phases of the traveling wave tube field. The Bell System 
Laboratories, under the leadership of Mr. J. R. Fierce are making investig- 
ations leading to the use of this device as a primary component for its 
microwave link systems. The Armed Forces of the U. S. are so interested in 
the problems and uses of the traveling wave tubes that there are some twelve 
industrial concerns working on various types for a multitude of ultimate 
military and commercial uses. 

At present the electrical and mechanical problems of the tubes are 
occupying the time of a small army of engineers and technicians. Each theo- 
retical investigation must be backed by the practical investigation of the 
engineer. 

The advantages of the traveling wave tube for many problems facing the 
electronic engineer are many. First the traveling wave tube is a wide band 
radio frequency amplifier and is capable of amplifing equally all frequen- 
cies in a two to one frequency band from about 100 MC to 25000 MC or higher. 
In other words, radio frequency amplification over this range can be 
accomplished simultaneously in eight tubes, where the same range using 
klystrons might take 800. In the i ccrowave communication link systems an 
amplifier of this type has obvious uses, e.g. transmission of several 
thousand telephone conversations in one transeiver. Also all levels of 
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amplification may be accomplished fit radio frequencies rather than requiring 
intermediate frequencies and heterodyning. The uses of traveling wave tubes 
in electronic countermeasures are, also, obvious. All practical radar fre- 
quencies may be amplified in very few tube types. 

All power levels are being investigated for traveling wave tubes. 
Proposals have been made by the engineers to develop tubes furnishing power 
outputs ranging from microwatts to hundreds of Kilowatts. 

• One system using traveling wave tubes in a communication link is in 
practical use in England. This link system uses low noise tubes, intermed- 
iate power tubes as drivers and ten watt output tubes. 

The present tubes in practical use are long glass tubes which are very 
inefficient and fragile. Several commercial companies in this country have 
made similar tubes. The tubes which show the greatest promise are these 
which are more neatly packaged, which are self-aligning in their magnetic 
solenoids and which are more efficient. 

These packaged tubes, however, have created problems which were not 
apparent in the glass tubes. Most of the present development effort is 
concerned with the problem of oscillation suppression. 

Since these devices are capable of very high gains in comparatively 
short physical lengths, certain feed back paths inherent to traveling v/ave 
tubes must be eliminated. 

One of the methods of eliminating this feed back is by attenuating the 
feedback voltages to such an extent that they are no longer a problem. One 
of the attacks of attenuating this feedback is the subject of this paper. 
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Since no mathematical evaluation of "loss" can be made, it will be 
treated qualitatively. However, some of the factors leading up to the 
requirement of this addition of loss can be evaluated. They will be more 
rigorously treated. 
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GENERAL DESCRIPTION CF A TRAVELING WAVE TUBE 



The traveling wave tube involves a relatively new philosophical 
and theoretical approach to the radio frequency amplification problem at 
ultra high frequencies and microwaves, which take advantage of transit time 
to accomplish the amplification. The traveling wave tube is a broad band 
amplifier and has the unique characteristic that the gain is constant and 
independent of frequency over a very wide bandwidth. 

The tube itself consists of three essential parts; viz., matching 
sections, the helix, and the electron gun. The matching sections couple 
the input and output radio frequency coaxial lines or wave guide to the 
helix. The helix is constructed to provide a slow wave structure for the 
signal, and the electron gun is to provide a direct current electron beam 
to be used as a source of energy for the amplified signal. 

To obtain energy transfer between the electron beam and the electro- 
magnetic wave propagating down the helix, the axial velocity of the beam 
must be nearly equal to the axial velocity of the electromagnetic wave. 

The axial velocity of the electromagnetic wave is determined by the pitch 
and diameter of the helix, and therefore the helix determines the operating 
voltages of the electron gun. 
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Fig. 1 Traveling wave tube components 
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The helical r-f transmission line serves tc propagate the radio 
frequency wave to be amplified and the wave thus propagated travels along 
the wire at approximately the speed of light. This means that the wave 
front progresses down the axis cf the tube at a rate which is approximately 
proportional to the ratio of pitch of the helix to the length of a single 
turn. An electron beam from the electron gun is made to traverse the region 
inside the helix resulting in an interaction with the axial component of 
the electromagnetic field in such a manner as to produce several forward 
moving waves. The resultant wave of interest has negative attenuation or 
has gain. It extracts energy from the DC beam and grows so that at the 
output an amplified signal is obtained. 

Since the traveling wave tube is a broadband amplifier and gain is 
practically constant over a wide frequency band the tube may be used to 
amplify several frequencies several hundred megacycles apart. The tube 
may, also, be used at any number of frequencies without the necessity of 
employing tuning controls. 

A number of different types of slow wave structures have been developed, 
and experiments and investigations are in progress in the development of 
these into practical tubes. An example is the periodic-waveguide traveling 
wave tube consisting of a slow wave structure made up of washer type lamin- 
ations inside of a metal sleeve. This structure will reduce the velocity 
of the electromagnetic waves, and an electron beam may be sent down the 
center of the structure through the holes in the laminations. This type 
of tube is a more restricted type and has a much narrower band width than 
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the helical wire type and it will not be considered further* 
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GENERAL DESCRIPTION CF ASJOCIATED EQUIPMENT 
FOK OPERATION OF A TRAVELING WAVE TUBE 

The fundamental operation of the traveling wave tube is the interaction 
of an electron beam with a radio frequency axial field. In order to contain 
the electron beam in the narrow margins of the helix or other radio frequency 
transmission line of constant diameter some manner of focusing must be util- 
ized. Since the transmission line is at some positive DC potential there is 
a force acting cn the electron beam to spread resulting in the electrons 
impinging on the line. Noise reduction requires that this interception be 
held to a minimum. 

In order to contain the electron beam some arrangement for magnetic 
focusing is used. This magnetic field must extend the entire length of 
helix, requiring several hundred gauss of constant magnetic field strength 
over a distance of as much as 12 to 15 inches or more,, A uniform field of 
some 300 gauss is required for one low noise application. Iron encased 
solenoids are in general use for this purpose. A typical coil is four 
inches in diameter, twelve inches long, weighs thirty pounds and requires 
fifty watts of power$ The utilization of permanent magnets for this purpose 
is now under study. 

Other associated equipments are the various power supplies needed for 
filament power, the various direct current sources for the operation of the 
electron gun and for the solenoid. 
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DEVELOPMENT OF TnE GAIN EQUATION fa 
In order to determine the requirements of adding loss to a traveling 
wave tube, the characteristics of its gain should be studied. The development 
of the gain equation leads to that end. 

Considering the circuit below. 
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Fig. 2 Equivalent circuit of a traveling wave tube. 
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Where, I 


= current in the line 


a - 


distance 


V 


= voltage impressed 


J = 


impressed current 
amps/meter 


i 


= electron convection current 


B = 


shunt susceptance 


X 


- shunt reactance 


j = 


square root of 
minus one. 




J - - PX 

Q £ 




3.3 


Eq. 3.1 and 3.3 become 








- nx = -j bV - V i 

-pv = -vi*- 3 - 




3.4 

3.5 



( 8 ) 



t 






. 



























V 



To eliminate Ij t 
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3.6 



If there were no impressed current (i - 0) the right hand side of 3.6 

would equal zero. That is BX is to be chosen such that the phase velocity 

of the circuit of Fig. 1 is the same as for the circuit of a particular 

traveling wave tube. X/B is chosen such that for unity power flow, the 

O V 

longitudinal field acting on the electrons, - - is equal to the true field 

i ' £ 

for that same circuit. It can be expressed in transmission line parameters 
for an undisturbed line (i = 0 in Eq. 3*6). 

For the undisturbed line the propagation constant is 

pn 3 j | 3 & ~ ^ 




The characteristic impedance of the line 

K * 

and from 3.7 and 3.8 the series reactance is 

x - -j K 7 

Taking BX in 3.7 and in 3.9 and substituting them in 3.6 gives 
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Sinusoidal variations in time are assumed 



In other words, knowing the natural propagation constant ( C, ) of the 
undisturbed line and the new propagation constant ( fl ) , the impedance of 
the line ( K ), the voltage ( V ) on the line will vary with the electron 
convection current of the beam (i). 

The next problem is to find the disturbance produced on the electron 
by the fields of the line. 

Units used in MKS 

Charge to mass ratio of electron (1.75^x10 

coulomb/kg) 

slit Average velocity of electrons 

Vc Voltage by which electrons are accelerated to give them 

velocity 

~Xc Average electron convection current 

~£ c / 

Average charge per unit length ( /^ c ~ /u e . ) 
a-c component of velocity 
j a-c component of linear charge density 

C 

£ a-c component of electron convection current 
The quantities v, p, and i are assumed to vary with time and distance 

as e <J- C ’ ‘' z) 



From Newton's Second Law of Motion (F = ma^for an electron in an electric 

field - „ 2 fa tJisl 

* t. 

3.11 
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But yCt c is the average or d-c velocity and assumed constant with time so 

that ^ y sc 3*11 becomes 
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The expression for this total derivative in terms of partial deriva- 



tives is 
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3.12 



Since :J is that instantaneous velocity ( /- "a~* ) 3.12 may 

J 



be written 






0* 



^ (_ ,, r L~) j? r 






3.13 



Making small signal ap> roximations that the a-c velocity v is small 
compared with the average velocity ii then v in the parenthesis in 3.13 
will be neglected hence the expression becomes 
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Assuming the quantities involved vary as e 
becomes 
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3.13 
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nv 



and solving 3.14 for v gives 

cj - .<* ' J 
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3.13a 



3.14 



3.15 
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We may think of ^ c as the phase constant of a disturbance traveling 
with velocity equal to the electron velocity. 

There is another equation to work with called the equation of conser- 
vation of charge. If the convection current changes with distance, charge 
must accumulate or decrease in any small elementary distance, and in one 
dimension the relation must be 

9 C _ 

c j* 



7 * 



( jwt- P z) 

Again assuming the variations as e 3*17 becomes 
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3.18 



The total convection current is the total velocity times the total 
charge density or 

- I- + -•( ■ f X ' J ) 

~ "c -t- -A- / c -» /■ ^ ^ 

3.19 

but I r • and assume that (v -J ) the product of two small quantities may 
be neglected, then 
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Substituting -> from 3*18 into 3*20 
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